ATOMIC PHYSICS

Atomic beam lasers

To increase frequency stability some researchers take
advantage of the orderliness of moving beams of atoms

by Dietrick E. Thomsen

In the few years they have been
around, lasers have become almost
proverbial for their hair-fine exactness.
Noted for their intense beams of mono-
chromatic light, they can cut metal or
weld detached retinas with equal
finesse.

But for people working on the nar-
rowest edge of science and technology,
lasers are still not sharp enough. Those
researchers are demanding tolerances
beyond the state of the art; they want a
frequency that doesn’t vary more than
one part in a thousand billion, or ten
times that if they can get it. And they
want this stability to last for years.

On that knife-edge of research rest
such basics as relativity theory and the
question of the constancy of the speed
of light, which is vital to relativity.
There is, for example, a level of laser
precision which would permit physicists
to test again, to a new level of toler-
ance, the Michelson-Morley experiment
—the one that led to the special rela-
tivity theory. This experiment aims to
prove that there is no difference in the
speed of light whether it is measured in
the direction of the earth’s motion or
across it. On this result hang all the
principles of special relativity—since
special relativity is based on the notion
that the speed of light is the same
whether one moves with it or across it.

The experiment was first done—with
mirrors—by Albert A. Michelson and
Edward W. Morley in 1887. But when
a principle depends on an experimental
result being exactly zero physicists are
always a little nervous. They want to
keep checking as measurement accu-
racy improves. So far the results of all
repetitions have been confirmation, but
there is no certainty—even if there is a
strong expectation—that use of ultra-
sharp lasers will confirm this.

Lasers of greater stability could also
be used for extremely accurate mea-
surements of long distances. The high
stability would be especially helpful
where very fine distinctions are sought.

For example, some theories of cos-
mology postulate that the mass of any
body is not constant but depends at any
moment on the distribution in space of
the remainder of the mass in the uni-
verse. If this were true, and if the
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Basov’s idea of how an atomic beam laser might be put together.

masses in the neighborhood of the earth
were unevenly distributed, then a body
moving in one direction with respect to
the milky way should show an amount
of mass different from what it shows
when it moves in another direction.
Such an effect, to have escaped detec-
tion by astronomers over the centuries,
would have to be ultraminiscule; ex-
traordinarily accurate tracking of celes-
tial bodies, using extraordinarily precise
lasers over a long time, might show it.

Another form of tiny slow motion is
that involved in long term changes in
the shape of the earth. Laser seismome-
ters could record these changes pro-
vided they could maintain high stability
for years.

Such experiments are “why I am in

it,” says Dr. Rainer Weiss of the Mas-
sachusetts Institute of Technology, cur-
rently involved in efforts to make long-
term, highly stable lasers.

The frequency spreads and drifts of
ordinary lasers are caused principally
by the chaotic motion of atoms in the
laser’s reasonant cavity. One approach
to more stability—so new that the de-
velopment-hungry laser industry has not
yet snatched it from the university labo-
ratories—is to use as a tuner the order-
ly motions in atomic beams, streams of
atoms moving in a more or less orga-
nized way instead of in the random
fashion of atoms in the gases or solids
lasers usually employ.

An ordinary laser depends on the
fluorescent properties of gases or solids.

Scientific American

Michelson-Morley experiment compares light speed in two directions.
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. . . atomic heams

If a collection of atoms is energeti-
cally pumped—that is, energy is put in
from an outside source such as a light
or a spark discharge—the atoms will
be excited to a higher energy state. In
time they will radiate the excess energy
by emitting light in frequencies charac-
teristic of the atoms.

But even single-frequency light, as is
the case with neon lights, is random in
phase and goes in all directions.

To give it coherence—to make all
the emitting atoms work together—one
puts the emitter in a box with mirrors
at the ends. The distance between the
mirrors is made equal to a precise num-
ber of wavelengths. This causes forma-
tion of a standing wave—one that
vibrates up and down like a guitar
string, without going anywhere.

The standing wave condition forces
all the emitting atoms to work in phase
—all their motions go to amplify the
wave until a great deal of energy is
concentrated in it. The amplified wave
leaks energy from the tube through a
partially transparent mirror.

So it is in principle. But in practice
there are roughnesses. The emissions of
the atoms are not at a single, precise
frequency, but in a slight, yet mea-
surable band of frequencies. This is a
result of the structure of the atoms, and
not much can be done about it.

Working on the narrowest edge
of science and technology.

Superimposed on this, however, is a
wider spread, the Doppler bandwidth.
This arises because any atom that hap-
pens to be moving emits radiation at a
slightly shifted wavelength from the one
it has when it is still. A collection of
millions of such random variations
causes a smearing of the line.

In addition, in a gas laser there are
also collisions which distort the atoms
and cause the emission to slide off fre-
quency.

In an atomic beam, however, one
can control the Doppler width by mak-
ing the motion of the stream highly
uniform. There are also no collisions.
Here lies the secret of the high, long-
term stability.

One way to take advantage of the
properties of the atomic beam is to use
it as the laser cmitter, running it
through the box or resonator cavity. An
effort of this sort is going on at Yale
University, according to Prof. W. R.
Bennett Jr., but the work is still in a
very early stage. The experimenters are
trying to develop a system in which a
beam of neutral atoms lases after being
excited by a beam of electrons.
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Yale
Bennett: Will it oscillate?

MmIT
Weiss: Checking the constancy of c.

The same idea has becen mentioned
in Russian scientific literature, first by
Academician N. G. Basov and by Drs.
V. S. Letokhov and B. D. Pavlik of the
P. N. Lebedev Institute in Moscow.

Development of such a laser in-
volves overcoming low power difficul-
ties arising from the low density of the
beams. The Yale researchers are still
waiting “to see whether it will oscil-
late,” says Dr. Bennett.

Another approach would use the
atomic beam to control the tuning of
an ordinary laser. To do this one has to
find a substance which emits energy at
a frequency that matches that of the
laser one wants to use.

For example, at MIT, Shaoul Ezekiel
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. . . lasers

and Dr. Weiss use a molecular beam
of iodine, which fluoresces on irradia-
tion by 5145-angstrom light from an
argon laser. The laser excites the iodine
atoms at their precise frequency and
the resultant energy emission is then
fed back to the laser to make its
emission more precise.

This kind of tuning can also be done
by using the beam to absorb, rather
than emit energy, taking advantage of
what might be called a reversed Lamb
dip.

The standard Lamb dip results from
another imprecision in practical lasers:
In principle a standing wave in a reso-
nator is the sum of two running waves
that are going in opposite directions
and coincide exactly with each other.
But in an actual laser the two running
waves are usually slightly out of coin-
cidence. In this state they each take
energy from a different set of atoms.
But when the laser is tuned to the middle
of its bandwidth, the two waves come
into coincidence. Then they feed off the
same population, there is suddenly less
energy and the brightness of the emis-
sion drops off as much as 50 percent.

This so-called Lamb dip serves as a
very good indicator of a reference
wavelength, especially if one reverses
the process, and uses an atomic beam
as an absorber of laser light. In this
case, it is the absorption that falls off
at the Lamb dip frequency, and a sharp
peak appears in the transmitted light.
This peak signal can then be fed back
to tune the laser.

Such an approach is being used in
the Soviet Union, especially by Acade-
mician Basov. “The last time I saw
him,” says Prof. Bennett, “he told me
he was using formaldehyde.”

CASTOLITE LIQUID PLASTIC pours like water
and hardens like glass without heat. Clear,
Colors. Embed real flowers, butterflies, photos,
coins. Also New moulding formulas for per-
fect reproductions. Illustrated booklet shows
How. Send 25c—Dept. 68-130L/1. CASTOLITE,
Woodstock, lllinois 60098.

LEARN MODERN MATH!

Stumped by references to cybernetics, game the-
ory? Confused by relativity? Brilliant new book
by remarkable expositer makes these & other im-
portant new flelds crystal-clear to laymen. stu-
dents. ‘““Great Ideas of Modern Mathematies.”” J.
Singh, 213pp. $1.75 + 10¢ postage. Money-
back guarantee. Dept. SNL, Dover, 180 Varick St.,
New York, N.Y. 10014

NEW CORDLESS
SLIDE
PROJECTOR

This feather-light projector
uses 3 flashlight batteries:
no electricity! Now show your
favorite 2”7x2” slides in big,
¥ 18”x28” size, in friends’

N homes, at office meetings,
ete. Precision lens is easy to focus. Uses any light-colored
wall for a screen. Ideal for salesmen. $8.45 post paid.
(Batteries not included.)

Chespa Sales, P.0. Box 117-S9
Barrington, N. J. 08007

STATEMENT OF OWNERSHIP,
MANAGEMENT AND CIRCULATION
CAckof Outber 23, 1962 Section $365, e 39, Unied estr Code)
e S e T o RO
Septesber 30, 1068 Science News
{37 auenes o it
weekly, Saturday issue date
e o owh G 5 YT (5 . 7 55 TP T
1719 © Street, N. V. - Washington, D. C, 20036
T ioCanon 6 e ARG Vi o &
| 2715 1 Streot, K. W. - Washington, D. C. 20036
5 NANES ATD ADDRSSES OF FUNISHER, EDITOR, AND WANAGING EDITOR
WA (Name and ]
E. G. Sherburne, Jr.
Foion (o <wd <
Marren Kormberg - 1205 lolly Stu, Ne We = Washington, D, C. 20012
ok E5TCH (Namt 424 39071
Frank Sartwell - 3513 Livings
7. OWNER (1f ownd by « corporation, s
drse of chbolders awning or bolding 1 o
et of ihe indvpidual namers st be g
el 4 4ot of exch ndividuct mast o i

3110 Hawthorne St., N We - Washington, D. C. 20008

o Ne V. - Washington, D C, 2001

o o el e o och. 1 o s
ot Gy et e

o
1719 N 5t., N. W - Vashington, Ds C. 20036 ]

Science Service, Inc.

T XNOWH SONGHOUERS, WORTGAGHES. T RERCERT OF WORE OF TOTAL AWGURT

OF BONDS, MORTGAGES OR OTHER SECURTIES (1 there are_mows. 1o séate)

ooms

Tone

7 TOR COMPETON Y NONPRORT ORGANIATIONS AUTHONTED TO MAIL AT SPEGIAL RATES (Swiion 132,133, Potal Mawkal)
(Chch ome)

« ptpess, uncton, and nonprft stu of s a3 Hov nctchangod [ Nov chorqnd dwing  (1f chmgod, publichr mu:
e e st OB Gt D AR Sl o
Fo P
B o ACTuAL st o7 CoPES or Sncie
10. BXTINT AND NATURE OF CIRCULATION AACK BSUE DURIG, | 13302 PUMISIED NEARERT T FING DA
. 10T M. COnes D (Net Prvs R 114,387 123,k00
b PR, LA Tt beaes AN cammrs, STeet VENBORS AN COUNTER 287 =
]

2 MAR SRSCHPTIONS. 107,140 113,879
€. toTa Paw ccuaTon 107,427 114,403
o SR inding rempl) Y WA, AR OB TSR HEASS 1458 2554
« tor oarmaon (sem f x4 D) 108,885 115,957
7. OMICE USE, EPT-OVER, UNACCOUNTED, SAORED APTER FIBNTRNG. 5,502 Talk3
G. TOTAL (Sum of G F-shauld oqual wet press rww shown in A). 114,387 123,400

NEW GIANT 148-Pg.
CATALOG FREE!

! Completely new, 1969 ed. New items, catego-
ries, ilustrations, easy-t ad pages with
nearly 4000 unusual barga Enormous selec-
tion of Astronomical Teles , Microscopes,
Binoculars, Magnifiers, Lens

, Prisms, parts,

| accessories, math learning aids, do-it-your-
I self kits, exciting exclusives. Write for free Catalog “‘Q.””

EDMUND SCIENTIFIC C0., 3aRRiNGTON, NoJ. 08007

TELLS HOW TO SELL YOUR INVENTION

If you have an invention that you believe has merit,
write us at once for copy of copyrighted booklet ‘“How
to Go About Selling Your Invention.”” We work with
manufacturers, and booklet reveals present markets,
qualities of a saleable invention, current royalty rates
being paid by manufacturers. Booklet is FREE, is
offered to encourage new ideas we might submit to
manufacturers.Just send name (no drawings please) to
Kessler Sales Corp., Dept. D-4110, Fremont, Ohio 43420

AUTHORS WANTED BY
NEW YORK PUBLISHER

Your book can be published, promoted, distrib-
uted by o reliable company on a subsidized
basis. Fiction, non-fiction, poetry, scholarly, sci-
entific and even controversial manuscripts wel-
comed. For Free Booklet write Vantage Press,
Dept. T8, 120 W. 31 St., New York 10001.

Science Wonders—Eat Live Insects

Grow, study, fascinating botanical wonders
that lure, catch, eat live insects. For class-
room, science fairs, hobby. Beginners’ col-
lection includes 4 Venus Fiy Trap bulbs, 1
miniature Huntsman’s Horn, 1 Purple Pitcher
Plant, planting material, culture directions.
$4.00 ppd. 10 seedling Venus's bulbs, win-
dowsill greenhouse, $4.00 Germination guar-
anteed. Complete classroom collections
available, Illustrated brochure, 25c.

PLANT ODDITIES
Box 127 SN Basking Ridge, New Jersey 07920

GRAPHIC SPEED FILE

ow To Eliminate Time Gaps
You store material easier and find
things faster. Strong corrugated box
type drawers give flat storage. Hinge
lids insure extra protection. ~¢=
Use outside cabinet.Save
transfer time -- store & add

replacements. Come in 8 sizes, usein
any sequence. Drawers also in steel.

I I 24 Page BOOKLET F2
FREE Mailed Without Obligation

Toisamre f i pebier S goneger 7 owmer)

B

oo I5TE

GRAPHIC SYSTEMS, Box 338, Yanceyville, N.C.

19 october 1968/vol. 94/science news/399



